Most simian virus 40 (SV40)-transformed BALB/c 3T3 clones employed for biochemical studies have been used without regard to passage level. To determine whether virus-induced properties are stable as a function of passage, we have extensively characterized one transformed clone, FNE, which was isolated after SV40 infection of BALB/c 3T3 cells in factor-free medium. From the initial testing at passage 5 and for at least 50 subsequent subcultures, the cells stably maintained many transformed growth properties, including high saturation density, morphology, colony formation on contact-inhibited monolayers, tumorigenicity, and synthesis of viral-specific RNA. However, other properties varied as a function of passage. There was a slight decrease in viral genome equivalents per cell from 1.1 copy/cell at passage 5 to 0.7 copies at passage 40. Initially, the cells were negative for all type C virus; however, cells carried at low density for 13 to 20 passages (65 to 100 generations) began to release an endogenous type C virus that then persisted in the culture. Spontaneous release of type C virus did not occur in control BALB/c 3T3 cells carried under identical culture conditions for 90 passages. When the cultures were releasing type C viruses they stained uniformly and brightly positive for SV40 tumor (T) antigen by immunofluorescence, whereas T antigen staining was variable at early passage. These experiments suggest that subtle but perhaps important differences in viral gene expression can occur as a function of passage; they also demonstrate the importance of evaluating the interactions between SV40 and endogenous type C viruses.
Most simian virus 40 (SV40)-transformed BALB/c 3T3 clones employed for biochemical studies have been used without regard to passage level. To determine whether virus-induced properties are stable as a function of passage, we have extensively characterized one transformed clone, FNE, which was isolated after SV40 infection of BALB/c 3T3 cells in factor-free medium. From the initial testing at passage 5 and for at least 50 subsequent subcultures, the cells stably maintained many transformed growth properties, including high saturation density, morphology, colony formation on contact-inhibited monolayers, tumorigenicity, and synthesis of viral-specific RNA. However, other properties varied as a function of passage. There was a slight decrease in viral genome equivalents per cell from 1.1 copy/cell at passage 5 to 0.7 copies at passage 40. Initially, the cells were negative for all type C virus; however, cells carried at low density for 13 to 20 passages (65 to 100 generations) began to release an endogenous type C virus that then persisted in the culture. Spontaneous release of type C virus did not occur in control BALB/c 3T3 cells carried under identical culture conditions for 90 passages. When the cultures were releasing type C viruses they stained uniformly and brightly positive for SV40 tumor (T) antigen by immunofluorescence, whereas T antigen staining was variable at early passage. These experiments suggest that subtle but perhaps important differences in viral gene expression can occur as a function of passage; they also demonstrate the importance of evaluating the interactions between SV40 and endogenous type C viruses.
When simian virus 40 (SV40) infects the permanent mouse embryo line BALB/c 3T3, it can transform the growth properties of the cells in a number of ways. Standard transformants are characterized by their ability to grow to high saturation densities (8) , in depleted serum (28) , and in agar suspension (29) and by their ability to induce tumors in immunosuppressed mice (8) . These transformants synthesize virus-specific tumor (T) and transplantation antigens (6, 13) , and many of them release infectious virions after fusion with permissive cells (11, 18, 37) . In addition to standard transformants, some clones have been isolated with biological properties deviating only minimally from those of uninfected cells (23, 28) , whereas other clones show growth properties intermediate between 3T3 cells and standard transformants (23, 28 (17, 22) .
Most SV40-transformed clones used for these biochemical studies have been used without regard to passage. The assumption made in these studies is that virus cell interactions are stable during extensive passaging under varying culture conditions. Although this assumption may be valid for at least some parameters and some clones, there are reports of changes in virus-cell interactions as a function of passage. For example, at least some transformants require extensive passaging in vitro before they will produce tumors in animals (33) . If growth conditions affect the content of SV40-specific DNA or RNA, then the observed lack of correlation be-tween phenotype and SV40-specific nucleic acid content should be reinvestigated.
BALB/c 3T3 cells also have been shown to contain the genetic information for several endogenous RNA type C viruses that can be induced by chemicals such as bromodeoxyuridine or iododeoxyuridine (4, 20) and by cycloheximide (1) . Spontaneous release of endogenous type C virus from BALB/c cells have been observed in spontaneous transformants (33, 34) and in BALB/3T12 cells maintained by frequent transfers at high cell densities (3). Infection of BALB/3T3 cells with herpesvirus has been reported to induce endogenous type C virus with passage in culture (9) .
To determine whether virus-induced properties are stable and independent of passage, we have extensively characterized one transformed clone for 50 subsequent passages after the initial testing at passage 5. At all passages the cells stably maintained transformed morphology and growth properties and also synthesized SV40-specific RNA; however, other properties varied as a function of passage. After extensive passaging, there was a slight but reproducible decrease in viral genome equivalents per cell and an increase in immunofluorescent staining of T antigen. Concomitant with these changes, the cells began to release an endogenous type C virus.
MATERIALS AND METHODS Media. Cells were grown in Dulbecco's modification of Eagle medium (Gibco no. 196G) supplemented with 10% calf serum (complete medium). Factor-free medium (14) was prepared by depletion on confluent 3T3 cells as described (28) .
Enzymes. Endonuclease R-EcoR, (12) was a generous gift from H. Boyer (University of California, San Francisco). Endonuclease R-HpaII, purified by a modification of the previously published procedure (27) , was a generous gift ofJ. Mertz and J. Morrow (Stanford University). S-1 endonuclease was purified by the procedure of Vogt (35) . Escherichia coli DNA polymerase I (36) was the generous gift of A. Kornberg (Stanford University).
Virus stocks. Virus stocks were prepared as described (28) on TC7 (kindly supplied by J. Robb, University of California, San Diego). To minimize the defectiveness of the virus used for transformation, the virus stock was prepared at a multiplicity of infection of 10-3 PFU/cell. DNA extracted from the virus contained 1 to 2% Endo R EcoR,-or Endo R-HpaII-resistant molecules. These values are comparable to those obtained with the best plaque-purified stocks available (21) .
Isolation of FNE cells. To eliminate serum-induced DNA synthesis, BALB/c 3T3 cultures were used that had been confluent for 7 days and had not received fresh media for 3 days. After removal of the media, the cells were infected with 50 PFU/cell. Cell plates were mock infected with media depleted for 3 days on TC7 cells. After infection, the cells were trypsinized, counted in a hemocytometer, and plated into factor-free medium at 1,000 cells/60-mm tissue culture dish. At 30 days postinfection on colonies were found on any dish containing mock-infected control cells. Three colonies were observed on the dish containing the FNE clone. FNE cells were cloned from a well-isolated colony containing more than 1,000 morphologically transformed cells. After isolation cells were grown to confluence and subsequently passaged in complete medium.
Colony formation on confluent monolayers. Confluent monolayers of 3T3 cells were prepared in tissue culture dishes (60 mm in diameter). Cultures to be tested were trypsinized and seeded at 1,000 and 100 cells per dish, fluid was changed twice weekly for 21 days, and culture were then fixed in methanol and stained with May-Greenwald and Giemsa.
Tumorigenicity. Adult female NAMRU mice (Naval Biomedical Research Laboratory, Oakland, Calif.) were inoculated with antithymocyte serum (Microbiological Associates, Los Angeles, Calif.) as described (5) . Cells were trypsinized, centrifuged, and suspended in medium lacking serum, and 0.1-or 0.2-ml volumes were immediately inoculated subcutaneously into the interscapular region. Progressively growing tumors were palpable, beginning 2 weeks postinoculation, and were approximately 2 cm in diameter within 4 weeks. No palpable nodules were observed in 20 control mice inoculated only with medium.
To establish the tumors in culture, they were removed, minced with scapels, and incubated in complete medium containing 1 mg of collagenase (Worthington Biochemical Corp., Freehold, N.J.) per ml for 3 to 4 h. The resulting cell suspensions were pelleted, suspended in complete medium, mixed well, and added to 75-cm2 flasks. Cultures were passaged when the monolayers reached confluency.
T antigen assays. Indirect immunofluorescence of SV40 T antigen was assayed as described (28) Detection of SV40-specific cellular RNA. Separated strands of 3H-labeled SV40 DNA (specific activity, 105' to 2 x 105 counts/min per ,ug) were prepared as described (16, 26) . The minus (E)-strand DNA, which is transcribed early in an SV40 lytic infection, hybridized completely to complementary RNA asymmetrically synthesized by E. coli RNA polymerase and to its complementary DNA, plus (L)-strand DNA. After self-reassociation at a concentration that results in complete SV40 doublestranded DNA renaturation, each of the separated strands remained 95% single stranded. There was no detectable hybridization of either strand to CV-1 monkey kidney and BALB/c 3T3 total cellular RNA. The final separated strands were approximately 300 to 350 nucleotides in length (5.3S) as determined by sedimentation velocity analysis in alkaline sucrose gradients (30) .
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Total cellular RNA was prepared as previously described (19) . The hybridization reaction mixtures contained 0.005 ,ug of plus or minus DNA and varying concentrations of total cellular RNA (0.2 to 2 mg/ml) in 0.2 ml. Each sample was boiled for 5 min and cooled in an ice bath before the salt concentration was adjusted to 1 M NaCl. After 48 to 72 h at 68 C, the percentage of 3H-labeled DNA in hybrid molecules was assayed by endonuclease S-1 resistance (19) .
Detection of SV40-specific DNA. SV40 DNA (WT830) was purified as previously described (21) . The SV40 (I) DNA was labeled in vitro using the nick-translation activity of E. coli DNA polymerase I (15) . [a-32P]deoxyadenosine and deoxycytosine triphosphates were synthesized essentially as described by Symons (31) at a specific radioactivity of 200 to 250 Ci/mmol. These nucleotides were then used as substrates in the nick-translation reaction. Full details of this procedure will be published (P. Berg, D. L. Brutlag, M. Dieckmann, J. F. Morrow, C. D. Rhodes, and P. W. J. Rigby, manuscript in preparation). The product of this reaction has a singlestrand length of 400 nucleotides, as determined by sedimentation on alkaline sucrose gradients studies, and a specific radioactivity of about 2 x 108 counts/min per ,ug. The number of SV40 genome equivalents per cell was determined by measuring the rate at which the 32P-labeled nick-translated SV40 DNA reannealed in the presence of transformed cell DNA (10) . All reannealing reactions contained labeled SV40 DNA, sonically treated transformed-cell DNA, and/or sonically treated salmon sperm DNA at the concentrations indicated in the appropriate figure legends; all nucleic acids had an average single-strand length of 400 nucleotides.
For the experiments utilizing S-1 endonuclease, samples were withdrawn for analysis into 5 volumes of 30 mM sodium acetate-0.5 M ZnCl2, pH 4.6. Hybrid formation was scored by resistance to endonuclease S-1. The data were handled using a set of kinetic parameters computed to compensate for deviations from second-order kinetics (J. F. Morrow, Ph.D. thesis, Stanford University, 1974). For assays using hydroxyapatite, 0.1-ml samples were withdrawn into 2.0 ml of 0.01 M phosphate buffer, pH 6.8. Separation of single-stranded DNA from doublestranded DNA was performed by batch elution froni hydroxyapatite using 50-ml conical centrifuge tubes maintained in a 60 C water bath. Approximately 5-ml packed volume of hydroxyapatite was used per assay point. Single-stranded DNA was eluted with three 15-ml washes of phosphate buffer (pH 6.8, 0.14 M). Double-stranded DNA was eluted by two 15-ml washes of phosphate buffer (0.4 M) followed by boiling for 5 min in 10 ml of 0.14 M buffer.
Reverse transcriptase. Culture fluids from lightly confluent monolayers grown in 75-cm2 tissue culture flasks were collected and centrifuged at 12,000 x g for 10 min. The supernatant was pelleted at 80,000 x g for 45 to 60 min in a Beckman type 30 Primary tumors were frozen at -70 C in glycerol, minced in phosphate-buffered saline, and dounce homogenized. Cells and cell clumps were pelleted, suspended in 1 ml of phosphate-buffered saline, and sonically treated briefly. Sonic extracts were diluted with an equal volume of double-strength detergent solution and incubated at 37 C for 15 10 ,ul of enzyme extract. The mixture was incubated at 37 C for 30 min and acid precipitable material was counted on membrane filters (Millipore Corp.) in a liquid scintillation counter.
RESULTS
Maintenance of transformed growth properties with passage in culture. The cells appeared transformed by every criterion tested, and there was no significant difference in growth properties in vitro as a function of passage in culture. The high saturation density, cloning efficiency on contact-inhibited monolayers of 3T3 cells, and morphology all suggested that FNE was a standard SV40-transformed cell line. At all passages tested, the cells were highly tumorigenic in mice immunosuppressed by injections of antithymocyte serum ( Table 1) .
Expression of SV40-specific RNA sequences. To determine whether SV40-specific RNA sequences were present, increasing amounts of unlabeled total cellular RNA were hybridized to 3H-labeled separated strands of SV40 DNA. At RNA concentrations that produce no further hybrid formation, the amount of DNA hybridized is a measure of the percentage of the DNA strand that is transcribed into stable cellular RNA. At all passage levels tested, FNE cells produced a small amount of SV40-specific RNA. There was no detectable difference in the hybridization pattern obtained for SV40-specific RNA as a function of the passage level (Fig. 1) . Even with 2 mg of total cellular RNA per ml, saturation was not achieved. At the highest concentration of RNA tested, approximately 10 to 20% of the E strand and little or none of the L strand were double stranded. For a comparison the hybridization data obtained under the same reaction conditions of another standard transformant, SV3T3 clone 9, is included in Fig. 1 as a dotted line (J. Quantitation of SV40-specific DNA sequences. The number of SV40 genome equivalents present in the DNA of FNE cells was determined by reassociation kinetics (10) . At all passages tested the rate of reannealing of viral DNA was always faster in the presence of DNA from FNE cells than in the presence of control salmon sperm DNA. The number of SV40 genome equivalents per diploid cell equivalent decreased slightly as a function of passage. This conclusion was confirmed in four independent reannealing experiments, and similar results were obtained utilizing either hydroxyapatite or S-1 endonuclease to assay for double-standed DNA. A typical example of the decrease in rate of reannealing as a function of passage is illustrated in Fig. 2 . Although each experiment showed a slight decrease in SV40 DNA as a function of passage, the calculated value for SV40 genome equivalents per diploid equivalent varied slightly in each experiment. From the rates of reannealing, the number of SV40 genome equivalents per diploid equivalent was calculated and is summarized in Table   2 .
Karyotypic analysis showed that there was no detectible difference in mean chromosome number ( (Fig. 3) . All subsequent subcultures continued to produce high levels of enzyme activity. This induction of reverse transcriptase activity was observed in three independent passage series (data not shown); the perental BALB/3T3 cells carried under identical culture condition for 90 passages did not show any reverse transcriptase activity (Fig.   3) .
Tumors induced by FNE cells in immunosuppressed mice (Table 1) Calculation of the number of viral equivalents/diploid equivalent has been described in detail (10) . Briefly, the number of viral equivalents in each of these cells is calculated by multiplying the amount of 32p_ labeled SV40 DNA added per mammalian diploid cell in the reaction mixture by the (factor of increased rate minus 1).
Number ± standard deviation. NT, Not tested. d (Mean chromosome number of cells/diploid mouse cell) x (SV40 copies/diploid equivalent) = number of SV40 copies/cell. variation in T antigen staining of FNE cells are illustrated in Fig. 4 . An example of the brightly positive staining observed at late passages is illustrated in Fig. 4D . Figure 4B illustrates a positive culture at low passage, and Fig. 4C shows a slide at passage 21, where most of the cells were negative with scattered faintly staining areas.
To prove that all cells had the capacity to express T antigen, the same cells that were seeded onto the cover slip illustrated in Fig. 4C and that were mostly negative for T antigen were subcloned, and the progeny of these subclones tested for the presence of T antigen. All four subclones tested contained only brightly staining cells, suggesting that all cells in the population at passage 20 had the capacity to produce enough T antigen to be detected as brightly staining fluorescence. phology as well as growth to high saturation density and colony formation on contact-inhibited monolayers. Even at the lowest passage tested, the cells were tumorigenic in immunosuppressed mice. This observation is in contrast to other reports showing that SV40-transformed mouse embryo cells required extensive cultivation in vitro before becoming tumorigenic in vivo (33) . Although transformation and tumorigenicity were stable and coordinately expressed at all passages tested, initially the cells were negative for type C viruses as measured by reverse transcriptase activity. Therefore, in agreement with Tevethia and McMillan (33) , overt expression of endogenous type C virus is not required for SV40-transformed cells to be malignant in vivo. When the cells were carried for 13 to 20 subcultures, they began to release an endogenous type C virus that then persisted in the culture. Spontaneous release of type C virus did not occur in control BALB/c 3T3 cells carried under identical culture conditions. At early passage, FNE cells modulated the expression of SV40-induced T antigen; in some experiments most of the cells were positive whereas in other cases most were negative. At later passages, the cells always stained uniformly bright positive. Whether this stabilization of T antigen is related to the induction of endogenous type C virus remains to be seen. Variable expression T antigen also has been observed by Risser and Pollack (23) , who described a class of transformants that showed considerable heterogeneity in staining from cell to cell. In contrast to FNE, these transformants maintained this variable expression of T antigen after extensive passaging. In addition, Robb (24) has described standard SV40-induced transformants that were positive for T antigen when subconfluent but that became negative at confluence. The ability to modulate viral-induced antigens such as T antigen may be important for oncogenicity under natural conditions. In a normal individual where transformed cells expressing viral antigens could be destroyed by the host immune system, those transformants capable of turning off viral antigens such as tumorspecific transplantation antigen would have a selective advantage.
The significance of the small decrease in viral-specific DNA as a function of passage remains to be determined. Experiments using fragmented DNA probes are in progress to determine whether specific viral sequences are lost as a function of passage.
Finally, although a number of parameters rise and fall with passage, no change in saturation density, cell growth, or tumorigenicity was observed. These observations make one wonder whether the changes in T antigen, DNA copies, etc., really are significant in terms of the overall evaluation of transformation. These studies also demonstrate the importance of further evaluating the interactions between SV40 and endogenous type C virus.
